The effectiveness of a 30-month dietary intervention on vitamin D status of Greek postmenopausal women was examined. Sixtysix postmenopausal women (55-65 years old) were randomized into an intervention group (IG), receiving a daily dose of 7.5 mg of vitamin D 3 for 12 months that increased to 22.5 mg for the remaining 18 months of intervention through fortified dairy products and attending nutrition and lifestyle counselling sessions, and a control group (CG). After 30 months of intervention, during winter, serum 25-hydroxy vitamin D (25(OH)D) levels significantly decreased in the CG while remained in the same high levels as in the summer period in the IG. Similarly, at 30 months of intervention the prevalence of vitamin D insufficiency was significantly higher in the CG compared to the IG (60.0 vs 25.0%, P ¼ 0.006). In conclusion, the current intervention scheme with a daily dose of 22.5 mg of Vitamin D could significantly decrease the prevalence of vitamin D insufficiency during winter time but not entirely prevent it.
Introduction
Adequate intake of certain essential for bone metabolism nutrients, such as calcium and vitamin D, has an important role in maintaining bone mass. With increasing age, however, both dietary calcium intake and intestinal calcium absorption decrease (National Institute of Health, 1994) . Furthermore, in the elderly serum levels of 25-hydroxy vitamin D (25(OH)D) decline mostly due to decreased sunlight (ultraviolet B radiation) exposure, which leads to a limited capacity for cutaneous vitamin D synthesis (Mosekilde, 2005) . All these combined with low dietary intake of vitamin D from staple foods, especially in countries without mandatory fortification policy , contribute to lower levels of 25(OH)D (Rapuri et al., 2002) . Regarding the Mediterranean populations the common belief is that due to sunny weather conditions there is no need for additional dietary vitamin D intake. Still several studies have shown a high prevalence of vitamin D insufficiency in countries of Southern Europe (van der Wielen et al., 1995) .
The aim of the present study was to examine whether a holistic intervention approach, combining nutrition and lifestyle counselling with consumption of dairy products enriched with vitamin D for 30 months, would have any potential beneficial effect on vitamin D status of Greek postmenopausal women, and how this would be affected by seasonality and supplemented vitamin D dose.
Materials and methods
The recruitment of the study participants followed two screening phases following approval from the Ethical Committee of Harokopio University. This procedure yielded 82 postmenopausal women (55-65 years old) that were randomly assigned into an intervention group (IG, n ¼ 42) and a control group (CG, n ¼ 40). Subjects in the IG were advised to consume on a daily basis three portions of low fat fortified dairy products (milk and yogurt), providing 1200 mg of calcium and 7.5 mg of vitamin D 3 for the first 12 months that increased to 22.5 mg for the remaining 18 months of intervention. Subjects in the IG also attended biweekly nutrition and lifestyle counselling sessions, aiming to increase their awareness on health issues and to improve their self-efficacy in adopting a healthier lifestyle. More information on the sampling procedures can be found elsewhere (Manios et al., 2007) . On the other hand, no intervention was delivered to subjects in the CG (that is, neither fortified dairy products nor nutrition and lifestyle counselling sessions) as they continued with their usual diets.
Dietary intake and physical activity data were collected at baseline and follow-up examinations using three 24-h recalls and a standardized questionnaire, respectively (Manios et al., 2007) . Weight and height were also measured in all study participants and body mass index was calculated. Furthermore, in all time-points of examination, early morning venous blood samples were obtained from all the subjects following a 12-h overnight fast. Serum 25(OH)D levels were assessed using chemiluminescence immunoassay (Nichols Advantage, Nichols Institute Diagnostics, San Clemente, CA, USA).
Repeated measures analysis of variance was used to compare differences in the changes of continuous variables between groups. In the case of serum 25(OH)D levels adjustments were made for the body mass index and the physical activity levels of the study participants. The w 2 and Fisher's exact tests, whenever appropriate, were also applied in order to test for significant differences in proportions between groups. Statistical analysis was conducted with the SPSS version 13.0 (SPSS Inc., Chicago, IL, USA). The level of statistical significance was set at Po0.05.
Results
Sixteen of the 82 women initially assigned to participate in the study could not be re-examined at follow-up. Consequently, the number of subjects in each group with full baseline and follow-up data was 30 in the IG and 36 in the CG, which was enough to provide adequate statistical power (Manios et al., 2007) . The mean age of these women was 60.2 (s.d. 4.9) years old. No significant differences were observed between groups at baseline regarding anthropometric, physical activity, dietary intake and bone mass indices. Regarding changes in dietary intake indices, higher increases were observed for vitamin D intakes in the IG compared to the CG (Po0.001). Regarding biochemical indices, a significant treatment Â time interaction effect was found for serum 25(OH)D levels (Po0.001), showing more favourable changes in the IG compared to the CG (Table 1) . Similarly, although the prevalence of vitamin D insufficiency in the IG remained lower than in the CG after baseline, still significant differences between groups were observed only at 30 months of intervention (25.0% in the IG vs 60.0 in the CG, P ¼ 0.006), that is, when the dose of vitamin D intake was raised to 22.5 mg/day (Figure 1 ).
Discussion
The present study showed that a 30-month intervention program, which combined nutrition and lifestyle counselling with consumption of fortified dairy products, managed to induce some favourable changes on vitamin D status of Greek postmenopausal women. This favourable effect of the intervention should mainly be attributed to the dietary changes, as physical activity levels remained unchanged (data not shown). Regarding serum 25(OH)D levels, decreases were observed for both groups during the first 6 winter months of intervention. However, the decrease was significant only in the CG. After 30 months of Similarly, the changes in the prevalence of vitamin D insufficiency in the two treatment arms were also indicative of a beneficial effect of vitamin D supplementation in the IG, especially during the winter period and in the dose of 22.5 mg/day. Still supplementation of vitamin D even in this dose that was three-fold higher that the recommended adequate intake level could not completely prevent vitamin D insufficiency in the IG. The prevalence rates of 47.2, 8.3 and 25% of vitamin D insufficiency in the IG at 6 (winter), 12 (summer) and 30 (winter) months of follow-up, respectively, probably indicate the need to increase the recommended level of dietary vitamin D intake but on a more personalised basis, taking into consideration possible individual differences in latitude, skin pigmentation, body mass and composition (Moschonis et al., 2009) as well as certain cultural and lifestyle issues (Calvo and Whiting, 2003; Whiting and Calvo, 2005) .
Overall, our data revealed that the application of a holistic intervention approach on Greek postmenopausal women, combining nutrition and lifestyle counselling with consumption of fortified dairy products that provided 22.5 mg of vitamin D per day, was effective enough to counterbalance seasonal variations of vitamin D levels, especially during the winter period when sunlight exposure is limited. Still, there is also a need to take into account individual cultural and lifestyle differences of the population when providing recommendations for dietary vitamin D intake, in order to most effectively prevent vitamin D insufficiency.
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